Introduction
The phenomenon of climate change imposes a wide range of risks and also opportunities for human and natural systems worldwide. In this context, the South American region is no exception. This region presents projections of expected impacts on climate and its effects on water resources, both human supply or for different economic activities, as well as increased risks of disasters, floods and droughts, changes in production patterns given changes in climate, etc. Additionally, considering the pattern of development that has followed Latin America in terms of its dependence on natural resources, their vulnerability is evident to climatic threats in the region (León, 2008; Magrin et al., 2014) . In order to understand and face these risks and opportunities, decision-makers, public and private ones, need a clear orientation regarding how these expected changes can or cannot impact in their spatial scope, which actions are necessary to take other actions, how to implement these actions and how these actions last or are controlled in the future. This has to be done based on scientific knowledge explicitly considering the particular needs of each situation with the purpose of being incorporated into the internal decision--making processes of each organization. This work will collect and reflect on the ways that decision makers relate to the information available in order to make it part of their internal processes in a context of vulnerability to climate variability and change so we can begin the road adaptation to climate change.
Decision-making process
The decision-making process, within organizations of different nature, is possible to define as "definition of problems process, data compilation, alternative generation and selection of action course". (Hellriegel, Slocum, Woodman, 2011 Consequently, different organizations, of different type and size, are either permanently faced with this process, by means of internal elements of the organization or motivated by external elements, as a variation of the exchange rate, normative and/ or legal aspects of their particular context, etc. As explained herein below, the climate change would be introduced in this context as a factor to consider within the multiple decisions made to the interior of an organization.
Making decisions to the interior of an organization bears an internal hierarchy with its own focuses. Therefore, an operative level is that which develops routine works and where the type of decisions are generally programmed. That means, they bear certain kind of triggers which defines certain kind of answer (for example, the fall of an inventory below a determined number implies the restitution of certain quantity of product or in another example, because of being in a particular month and due to certain humidity conditions or health status it is determined the application of an agrochemical in particular for crop development, etc.). At the other extreme, we can find the strategic level, which corresponds to senior management and overall planning of the operations of the organization. At this level is more relevant the decision-making unscheduled and unstructured, which require a systematic analysis of the problems presented and the choice of solutions within logical alternatives (eg the decision to expand operations to a new area geographical, buying some new technology, change in operations traditionally performed, etc.) (Hellriegel, Slocum, Woodman, 2011) .
On the other hand, the decision-making process might be discretized in different steps, discussed here below. They are equivalent steps to the ones defined in the adaptation processes to climate change:
• Problem identification and analysis.
• Decision criteria identification and weighting.
• Priority solution definition.
• Generation of solution options.
• Evaluation of generated options.
• Election and application of the best option.
• Evaluation of results
It is under these characteristics and with these theoretical elements in which different organizations, either implicitly or explicitly, face their different needs to confront evolution or change processes, where the simple availability of scientific and technical information is not always enough to make good decisions (Bell and Lederman, 2003; Pidgeon and Fischhoff, 2011) . Now, we shall review how climate change appears as a new relevant element within this context, with its own characteristics, difficulties and challenges.
Climate Change and Organizations
Adaptation to climate change is not a new subject. Throughout history, societies, their organizations and their different activities have shown a strong capacity for adaptation to changes in environmental and climate conditions by changing the areas where different activities are performed, modifying crops, or exploring new alternatives to construction or new techniques in the production chain. However, the rate of change in climate, which has recently been observed and the rate of change projected for the future, strongly overcomes to any change speed observed by humanity in the past, which calls for a special and urgent awareness of decision makers to consider these new, changing and uncertain conditions.
In this way, decisions related to climate and its future evolution bear similarities and differences with another type of long-term decisions. Common elements include the utility of having a framework considering the risk in a wide scope, as well as the need of considering the uncertainty of projections of future biophysical and social conditions. Among differences, the phenomenon of the climate change includes perspectives of longer terms and affects a wider range of components of the social and biophysical system compared to other phenomena (Jones et al., 2014) .
Decisions in organizations, whether public, private or civil society organizations are related to climate change from a common angle. This relationship is based on their actions or projects may add to the causes or reduce the consequences of climate change or because these actions may favor other organizations or parts of society to change their situation against the risks of climate change.
Decisions associated with the second case, corresponding to the adaptation problem to climate change (and the focus of this paper) correspond to actions or projects which make organizations be more or less exposed to climate change. It threatens or opportunities, or because these actions may favor the possibility that other components of their systems be more or less exposed to these same threatens or opportunities i . However, it is important to recognize that the need to include climate change in this decision--making process, either for evaluation of new projects or review of the processes in the organization, it is not always obvious. A process of reflection in which it is determined whether the activities of the organization are related in some way (directly or not) with environmental variables that are expected to be affected by climate change is necessary. Under this scenario, it is quite possible that some productive sectors or certain types of organizations do not need to include this new external factor because the relation of their activities and decisions to climatic factors is very indirect or distant (requirement climate sensitivity). In other situations, the relative size or the temporary nature of their activities in relation to multiple external factors do not need this type of analysis (requirement of permanence and scale). These topics shall be deeply discussed in later chapters dealing with decision process related to climate change.
After this first analysis and having framed the basic need to initiate an adaptation process to this changeable climate, it shall be necessary a thorough evaluation of the particular needs of adaptation, the scopes of the generated initiatives. Also their interaction with other activities and other elements of the systems, in order to later define whether it is pertinent and necessary to assume the costs implied by the incorporation of the climate change adaptation as part of the decision-making process of an organization. These are the topics to be discussed below.
Adaptation to Climate Change:
In a context where it is necessary, to generate a response to expected changes in climate systems and decision makers must face a process to adapt to new conditions. They must reduce their vulnerability by modifying actions and internal processes of the organization, aiming to achieve a future state that is resilient to change and do not compromise the system. (Picture1). One of the main characteristics of this process is that it is made under important uncertain conditions, due to the characteristics of the climate change phenomenon, which makes necessary to consider and quantify the impact this has on the decision-making process (Jones et al., 2014) . The nature of this uncertainty is due to several causes: inability of being able to project GEI emission rate in the future. Also our inability to represent in a real and detailed fashion future climates at scales where it is necessary to implement the adaptation; our incapacity to fully understand the relations the climate has, and also our inability to understand the relationships that have the weather with the activities of organizations or technological development capacity that will have the organization to meet the challenges of the future. As an example, for farmers of a certain basin, the challenge of the adaptation is trying to understand the magnitude of the change in the temporary nature of the streamflows in a certain place of the basin, and be able to quantify impacts at economic levels as well as other aspects of its productive activity. But also the costs and benefits of the different alternatives of adaptation for the fulfilment of immediate and long-term objectives, with the lowest uncertainty level, which allows to take the necessary decisions to achieve these objectives.
It is also necessary to differentiate the own uncertainty of not certainly knowing the evolution of the future climate and the one which is inherent to complex and not linear systems in which different activities are inserted, such as the current climate system, the social system, etc. This differentiation should be taken into account in the decision-making process; it shall also define, within this uncertain framework, the risk level according to which certain decisions shall me made or not.
The process of disclosing these action alternatives might include interesting and innovating ideas to implement, but not all those alternatives might be useful to actors. According to the characteristics of the corresponding system, the availability of information and interaction nets among the different actors and their particular processes, there exists the possibility of leading to "bad adaptation" or "maladaptation". This mean, considering and implementing measures and actions, which increase the risks, associated with future climate change, even if they are short-term attractive alternatives, generating, as a result, a more vulnerable system. (Barnett y O'Neill 2010) . The climate change adaptation is an essentially local activity upon which the immediate context is very relevant regarding external conditions. Bellow we present some basic guidelines on decision-making processes regarding climate change adaptation.
a. The process
To face this number of complexities and uncertainties, it appears the need to summarize this process to be able to, without making opposing simplifications, face this process in a modular and progressive way, considering not only the answer to vulnerability scenarios determined by the current climate variability, but also taking into account that generated by climate change. This process must cause consideration and analysis stages inviting the decision maker to identify in which adaptation stage is, and therefore, which are the actions to take. This revision regarding this systematization of the process is based on PROVIA -UNEP (2013a) guide that considers the conceptualization of 5 stages of an iterative process, which are represented in the following figure: The explanation of these stages is presented in the following paragraphs. The follow-up or access to the cycle process requires the setting of certain basic criteria, which allows the decision maker to establish and/or explain its reference framework to make decisions. This should also allow knowing its scopes and limitations, among which there are empirical, theoretical, normative and practical elements. Once established, these elements shall permit the access to stages corresponding to the interest of the decision maker. This interest will respond to their different nature, not only in action environment but also different scales, focus, interests and development grade of the adaptation process, which might access to any of the process stages.
• Identification of the adaptation needs
A very important element in this stage is to identify the observed and/or expected climate impacts in the system based on the knowledge internally generated in the organization related to the climate factors. But also, and in a very important way, the access to information of projections, available simulation models or other reliable sources of information which help to improve the understanding of the system, etc.
Additionally, it is at this stage of the process in which it is important to think how and why the activity or organization is defined as vulnerable to changing climate conditions. Since not all the organizations need to invest in the process of initiating an adaptation, since they are not strongly affected by climate change and consequently it is not a critical factor to introduce into the decision-making process. The nature of the activity, and especially its temporal horizon and scale should be defined when recognizing the climate sensibility of a system relative to the sensibility of other external factors. In projects or small scale initiatives, the weight of local factors is much higher than global scale factors (for example the design of a road connecting relatively close zones has to include an important quantity of conditioning factors from which a future change in the rain intensity or its effect in the early erosion of the pavement, might be a minor factor). On the other hand, activities or projects with a close time horizon (with short life cycles), as for example the harvest of an annual crop (for example a cereal) different from the harvest of a permanent crop (for example a grapevine) have to consider climate factors. Also their possible variations also in short term horizons (a year or months) where it is not possible to evidence long-term structural changes linked to climate change. A complete discussion of this initial decision process (or screening) can be found in a context of climate change adaptation and infrastructure decisions in CCG-UC (2013).
After this initial decision level, you must analyze the possible current and future impacts linked to climate change. The concept of vulnerability is critical in this process. According to the special report SREX of IPCC (2012) which deals with the management of risks, extreme events and disasters in relation to climate change, vulnerability is understood as the tendency or predisposition to be adversely affected by changes in climate conditions. Such predisposition is an internal characteristic of the affected element and therefore, it depends on factors such as the political-economic conditions, ways of operating, and internal inequalities in the systems. The vulnerability is a consequence of diverse historical, social, economic, political, cultural, natural resources, institutional conditions, and the environmental conditions and their corresponding processes. The risk or impact of an adverse climate situation exists when any system is exposed and vulnerable to that situation.
This definition of risk and its relation to the concepts of exposure and vulnerability helps to outline the role of social factors (for example, inequality in the access and use of information) in the constitution of risks to be affected by changes in the conditions in which activities are developed. Following this definition, different grades of vulnerability shall generate a different damage and loss level in similar conditions of exposure to physical events of a given magnitude. (Dow, 1992; Wisner et al., 2011) . Therefore, this definition generates a working stage where vulnerability decrease must be approached, as for example, from the access to technologies, economic situation, education level or other relevant social aspects.
The adaptation as well as the risk management to disasters search to reduce the factors affecting the systems vulnerability, modifying the environmental and social/human contexts which contribute to the risk related to climate, consequently, creating an improve in sustainability conditions and social and economic development. It is at this point where it is important to consider the adaptation to climate change as a central element, not only of individual actions of organizations but also as the way in which society as a whole faces a changing future.
Additionally, it is necessary to recognize an important aspect when defining how particular realities of the organizations or systems in the adaptation process are inserted, which shall be described below. On one hand, the current vulnerability status can determine that actions and objectives of adaptation shall have to realize and pay attention to factors that make the system be at risk nowadays. Such is the example of Ganges river delta in Bangladesh, where the environmental factors, such as the current natural climate variability sets up a risk situation which makes the focus of the adaptation strategy and its actions be first and foremost driven to decrease this vulnerability and reduce current impacts (Brower et al., 2007) . Opposite to this, systems, which their current vulnerabilities have already been approached, and present a current low risk, such as the case of Rotterdam city located in Rhin river delta in Holland, may advance in strategies focused on future vulnerability conditions, which means an adaptation process different from the process assisting current relevant vulnerabilities. (Kwadijk, et al., 2010) . In both cases, the delta of Ganges River or delta of Rhine River, we find similar situations of adverse hydro-climate events exposure (low elevation plateaus and expose to floods of fluvial or coastal origin) but with current vulnerability conditions very different which imply different adaptation needs as well.
• Identify alternatives of adaptation
If a need of adaptation is determined in the previous stage, which, as discussed before, comes out of the importance of considering the climate as a relevant factor in the activity, the following step is to identify the ways in which determined actions perform these identified needs. For example, an analysis of impact and vulnerability to climate change might have found that, due to changes in temperature patterns and a minor flow availability, certain types of agricultural activities (eg. field crops), shall be vulnerable in certain zones of the country. For example, it could be proposed a change in the traditional crop for one suitable to these new conditions, a geographic change in search of a new place with original conditions, etc. Following this scheme, private actors behave following particular interests of their organizations, looking for the activity subsistence and profit.
In many situations, conflicts may arise among the individual preferences of private actors and social welfare, for example, when a common resource is over-exploited or the private options point out to generate a potential risk not identified by its particular processes. Therefore, it is necessary to understand the nature of the interdependence and the conflicts and interactions among the different actors involved, not only the ones related to the organization sector but also other actors using resources, such as their approach to external initiatives which might modify the scenario in which the adaptation options are generated. An example of the type of actions, which even when they could be defined as adaptation actions to climate change, finally result in an increase of vulnerability of the system as a whole. For example is the building of a great reservoir, which without the adequate territorial planning may incentive the use of side fields to the growth of new agricultural lands, finally generating a less flexible system. (Vicuña et al. 2014) . In this case, it appears that vulnerability is higher than the initial situation, where an extreme event, which overcomes the design levels of the reservoir, might finally finish in a disaster, which might have been avoided by means of another type of actions (this is known as safe development paradox, IPCC, 2012). Decision making and adaptation processes to climate change
• Evaluate the different alternatives of adaptation
According to the methodological guide PROVIA-UNEP (2013a), the purpose of this stage is to balance and assess pros and cons of the different options and identify those options best adapting to the objectives of the adaptation actors. This has to be done by considering a consequence analysis, costs-opportunities, interaction with other actors, synergies or interferences due to or on activities of other actors, through different available methodologies of analysis, such as multi-criteria analysis, cost-benefit analysis, strong decision making, among others. They are also considered participative methodologies, which search to gather the opinion of other actors involved in the problem, as well as intuitive focuses based on the experience and learning.
It is important to highlight at this point the need to include in the evaluation of identified alternatives the aggregated effect of the measures packs considered, in order to be able to identify potential processes of wrong adaptation, which might be hidden for the individual evaluation of the measures.
• Plan and implement the adaptation
Following the process and once one option has been chosen among the evaluated alternatives, it is necessary to advance with its implementation, considering practical aspects concerning their start-up. Budget, temporal horizons, coordination of involved parties, etc. are relevant aspects.
It is necessary to make a plan to implement the chosen measures -and then to implement it with all the complexity that this means since it is necessary an important analytical work that gathers the identified measures with the decision-making process belonging to the organization. In certain occasions, this causes the definition of a measure to be not a concrete plan and action, being limited by the lack of connection between the measures and motivations and the objectives of the organization. Therefore, it is important the role of the person leading and/or coordinating the process to the interior of the organization in order to keep an action plan aligned to the objectives, stating priorities and an implementation strategy of such priorities.
• Control and evaluate the process
When implementing the measures, the process should be controlled and evaluated to make sure it advances as foreseen, identifying problems, documenting the obtained results, changing the way if necessary, taking lessons from experiences, with the purpose of taking advance of the important investment of resources and efforts, which the previous stages of the process imply.
The control and follow-up of a project may have several purposes, such as: 1) to evaluate the advance in the performance of the established tasks; 2) to determine whether the tasks are fulfilling the objectives of the adaptation initiative; 3) to evaluate the functioning of the team and the members of the team; 4) to examine the participation of other people in the process; 5) to combine the perspective of interested parties on the nature of that commitment (the process and the content as well); or understand how good you are when learning and how the learning is providing information for the following steps. Evaluation goes beyond control since it includes a value judgment regarding the performance of an intervention of adaptation, based on the criteria being controlled.
b. Information and communication availability for decision-making
All stages of adaptation cycle and reflective process before mentioned need to have information, which allows reporting each involved decision. This information must have a characterization and potentially a quantification of uncertainty, with the necessary space and time resolution according to temporal horizons inherent to the activity, which ones allow to adequate or "adapt" the operations and guidelines of the organization to these new conditions. In this perspective, one of the main factors why this type of systematic analysis is not widely used, are the highly necessary requirements of information and knowledge to be able to face these processes. But also the fact that the information and knowledge generated is not necessarily being produced by the research centers and universities in the way and with the focus on the particular needs and as requested and used by the final user.
For example, the needs of communicational products of a small farmer are different from the ones a big irrigation organization needs to inform its particular processes of decision making. Considering the previous point, it is evident that both actors differ in the type of content they need, the time and space scale in which is generated the information, the level of depth or detail. Likewise, it is necessary to think about which type of questions will be able to answer through the generated content, besides all the aspects derived his audience condition and his media consumption behavior.
Due to this complexity, the advance in research regarding how to improve the communication, participation process and the construction of capacities, as well as the relation among the research groups and decision makers appears as a very important topic. Mainly with the purpose of letting users of such research enlarge their alternatives, clarify and help in the election of measures favoring the consideration of the best decisions in order to achieve the desired results. (PROVIA, 2013b) .
Relations between decision maker and knowledge
Even when existing this need of "useful" information from the different organizations, several decision makers at a political level have concentrated almost exclusively on increasing the provision of scientific information by research centers and universities, generating research which might lack utility regarding the real needs of decision makers (Lahsen and Nobre, 2007; Sarewitz and Pielke, 2007) .
The interactions and associations among scientists and decision makers are each time more recognized as a much more complex process than the simple transmission of information from producers with scientific knowledge and their users (Jacobs and Pulwarty, 2003; Vogel et al., 2007) . 
Conclusions:
Along the last decades, the climate change phenomenon has become a relevant factor when reviewing the current dynamics and future projections of organizations. It has generated the need to think about how the climate variables and their effects on the systems are related to the activities of the organizations, demanding an explanation of effects, synergies, and interrelations existing between both elements.
The decision-making process, as part of processes belonging to organizations, raises a reference framework, which involves the need to face a climate change adaptation process. It is within this dialogue, where strategies and processes searching for explanation of adaptation needs, definition of action alternatives, their evaluation, planning, implementation, as well as their control are inserted, with the purpose of facing the uncertainty, risks and potential impacts associated with an uncertain future climate, and therefore assure the sustainability of the activities over time.
Nevertheless, It is necessary to be cautious at the moment of effectively considering whether the climate change shall be considered as a factor to include in the decision--making processes of the organizations. There exist the risk of entering into the adaptation process, even when the particular characteristics of certain organizations are not directly or indirectly related to the climate variables, with the corresponding implied costs. This is the reason why it is necessary an exhausted analysis of sensibility pertaining to the activity of current and future climate conditions.
Under a wider perspective, it is also necessary to think about the need for a strong public action, which must have as purpose the risk decrease, taking into account that the particular initiatives of adaptation may turn into restrictions in the adaptation global capacity of the system. Finally, the communication, in its role of transferring knowledge and information from the research groups towards decision makers, is a fundamental tool to reduce vulnerability and increase the participation and commitment of different actors for the adaptation processes to climate change. Here, the creation of links among academic, public and private organizations and civil societies through co-production initiatives of knowledge, even when raising important coordination challenges, appears as one of the strongest ways to face, as a society, the adaptation challenge to climate change.
5.Notes
i The first case corresponds to the issue of greenhouse gases mitigation, where there is an important and complex decision making process which is not explicitly discussed in this paper. ii References to each Project in Annex 1.
